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1.0 INTRODUCTION

1.1 PROJECT INFORMATION

This report presents the results of a subsoil investigation carried out at the site of proposed
roadway improvements and intersection development, located at the intersection of US Highway 89 and
Historic Route 66 in Flagstaff, Arizona.

At this time, it is our understanding that construction will consist of improvements made
to the existing intersection of Historic Route 66 and US Highway 89.  It is understood that Rt. 66 will be
extended northwest to connect with N. Kaspar Dr.  In addition to this, a left turn lane is anticipated on
W. Rt. 66, as well as a proposed right turn lane on US Highway 89.  New sidewalks and concrete
driveways are anticipated within the area of N. Kaspar Dr.  The intent of this investigation was to obtain
information regarding the existing asphalt, aggregate base, and subgrade soils for pavement design, as
well as general soil rock profile trenching conditions.

1.2 FIELD AND LABORATORY INVESTIGATION

On March 20, 2020, 5 pavement soil borings were drilled at the approximate locations
shown on the attached Soil Boring Location Plan. All exploration work was carried out under the full-
time supervision of our staff engineer who recorded subsurface conditions and obtained samples for
laboratory testing. The borings were excavated with a CME-75 truck mounted drill rig utilizing 7-inch
diameter hollow stem augers. Detailed information regarding the soil borings and samples obtained can
be found on an individual Log of Test Boring prepared for each location.

Laboratory testing consisted of moisture content, dry density, grain-size distribution and
plasticity (Atterberg Limits) tests for classification and pavement design parameters.  Sulfate, pH,
resistivity and chloride testing was also performed to determine the corrosive properties of the soil with
regards to attack on buried metal and concrete structures. All field and laboratory data are presented in
this appendix.

2.0 SITE CONDITIONS

2.1 PROPERTY DESCRIPTION

The proposed improvement area includes the intersection of US Highway 89 and West
Historic Route 66, as well a portion of N. Kaspar Drive.  West Historic Route 66 and US Highway 89
serve as the main thoroughfare for the City of Flagstaff, with Kaspar Drive primarily serving as a minor
Collector Roadway, providing access to various commercial and residential properties.  Rt. 66 and US
Highway 89 experience high volumes of passenger and truck traffic, with Kaspar Dr. experiencing
moderate amounts of passenger and truck traffic, but with increased bus traffic numbers.  At the time of
the investigation the site was paved with the exception of the location of the proposed extension of Rt.
66.  Drainage along Rt. 66 and US Highway 89 is generally to the southeast.  Drainage along Kaspar
Drive is routed into a nearby detention basin, generally flowing to the south.
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2.1.1 W. Historic Route 66/Highway 89

Asphalt encountered along Route 66 and Highway 89 is underlain by 8.5-13.75
inches of PCCP.  Historical data indicates that the previous alignment of Route 66 was paved with
PCCP. See 2008 Street View below. It is assumed that the PCCP encountered is remnant from the old
alignment, and was paved over with asphalt paving.  At the time of the investigation, pavement was in
moderately good condition and exhibited some transverse and longitudinal block cracking, likely along
the original cold joints.  Maintenance records were not available at the time of this report.

2.1.2 N. Kaspar Dr.

At the time of the investigation, pavement was in poor to moderate shape overall,
exhibiting transverse and longitudinal block cracking as well as advanced block cracking and failure in
some areas. Rutting from heavy bus traffic routes was observed in the east bound lane, as well as small
amounts of potholes, uneven driving surfaces, and cracks as wide as 1-2 inches.  Maintenance records
were not available at the time of this report.
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2.2 SUBSURFACE CONDITIONS

2.2.1 Field Results

Subsurface conditions are somewhat variable.  The upper soils consist of silty
sands, sandy lean clays, and silty clayey sands.  Underlying the upper soils are additional amounts of silty
sand and sandy lean clay.

Standard Penetration Resistance Tests (SPT) values range from 8 to greater than
50 blows per foot (bpf) in the upper soils, with the majority of soils exhibiting blows per foot between 17
and 45 bpf.  SPT values of 50+ bpf were typically encountered in the strata identified as densely
consolidated silty clayey sand. Based on visual and tactile observation, the upper soils were typically in
a moist state, below or near the plastic limit, at the time of investigation. Groundwater was not
encountered during this investigation.  Asphalt and aggregate base thicknesses are as follows:

Existing Asphalt and Aggregate Base Thicknesses

Location Boring Asphalt
Thickness PCCP Thickness Aggregate Base Thickness

W. Route 661 B-1 2.25” 8.5” 11.0”
Highway 891 B-2 2.25” 13.75” 4.0”
N. Kaspar Dr. B-3 6.25” NA 18.0”2

N. Kaspar Dr. B-4 6.0” NA 18.0”2

Notes:
1. PCCP was encountered immediately below asphalt concrete at borings B-1 and B-2.  No PCCP

was encountered within N. Kaspar Dr.
2. Cinder based aggregate material

2.2.2 Laboratory Results

Laboratory testing indicates liquid limits in the range of non-plastic to 37 percent
with plasticity indices ranging from non-plastic to 21 percent. In-place densities of the upper soils is on
the order of 103 pcf with moisture contents on the order of 15 percent.  Percent passing the 200 sieve
ranged from 38 to 51 percent.

3.0 ANALYSIS
Analysis of the field and laboratory data indicates that subsoils at the site are marginally suitable

for support of the proposed paving and construction.  Shallow spread footings for retaining structures
will require some remedial earthwork due to the expansion potential of the native site soils.  Based on
the existing moisture contents and clayey/silty nature of the subsoils, the subgrade will most likely
become unstable at the recommended moisture contents. If unstable subgrade is encountered, subgrade
stabilization will be necessary.
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Laboratory and field testing indicates that the upper soils are susceptible to expansion (heave) due
to moisture infiltration.  This condition could cause excessive movement should the supporting soils
increase in moisture content, resulting in cracking of concrete slab-on-grade and potential structural
problems.  Recommendations are provided for bearing retaining structures on 2.0’ of engineered fill.
This will reduce, but not eliminate the potential for moisture related issues to the structures.

It is understood that new asphalt paving will take place in the area of the proposed intersection of
N. Kaspar Dr. and W. Route 66, in areas of proposed turn lanes along Highway 89 and W. Route 66.
PCCP driveways and sidewalks will be constructed in various areas along N. Kaspar Dr. When
transitioning from existing roadways to new roadways, all new pavement sections should meet or exceed
the thickness of the existing pavement or be graded accordingly to maintain drainage within the aggregate
base and to provide adequate structural capacity.  In the case of joining W. Route 66 and N. Kaspar Dr,
the intersection structural section should meet or exceed the thickness of W. Route 66 to ensure subgrade
drainage continuity within the crown of the roadway. However it is understood that matching the
thickness of N. Kaspar Dr. to Route 66 is not feasible due to the existing thickness of AC and PCCP
within Route 66.  Therefore it is imperative to provide proper drainage within the crown of all roadways
transitioning to thicker structural sections. Consideration should also be given to using an edge or french
drain to intercept the drainage from the aggregate base under the cross street pavement at the point it
intersects the thicker impervious pavement materials (AC & PCCP) on Hwy 89.

The existing structural sections encountered on N. Kaspar Dr. were constructed on a cinder based
aggregate base course. This was standard engineering practice for roadways in this area at the assumed
time of the roadway’s construction.  The use of cinder based aggregate base courses is no longer
considered acceptable as these materials have been observed to degrade over time under flexible
pavements. Section 4.6 presents various structural sections with associated capacities for consideration
depending on anticipated traffic volumes. These sections assume using new imported aggregate base
meeting the MAG/Coconino County Standard Specifications.

Depending on final grades and the pavement section selected, it may be possible to salvage a
portion of the existing pavement and aggregate base by cold-milling and blending to create a subbase for
the new pavement section.  This would require selective stockpiling of the material as additional subgrade
will require removal to maintain final elevations, and is only feasible in areas where non-cinder aggregate
base has been used.  For areas where full replacement will occur, allowance should still be made for at
least 6 inches of new ABC under paving to meet local engineering standards/minimum design
requirements. If approved by the City, consideration may be given to using less than 6 inches of new
ABC by replacing half of the AB structural section with 200 percent (%) of reclaimed subbase.  For
example use 3 inches new ABC over 6 inches of reclaimed subbase.

The clayey and silty subgrade soils may be sensitive to excessive moisture content and may
become unstable at elevated moisture contents. Accordingly, it may be necessary to compact soils on the
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dry side of optimum.  The reduced moisture content under pavements should only be used upon approval
of the engineer in the field.

With clayey/silty soils as subgrade beneath pavements, there is potential for the underlying finer
grained soils to migrate into the aggregate base over time. This potential is increased in areas of wet
unstable subgrade and decreases the strength and stability of the aggregate base.  If geogrid is used for
subgrade stabilization purposes, consideration should also be given to utilizing a geotextile non-woven
filter fabric at the interface of the aggregate base and the subgrade to attempt to limit this migration. If
utilized, the filter fabric should be placed below the geogrid (not above) so that it does not interfere with
the interlock of the aggregate with the geogrid.

4.0 RECOMMENDATIONS

4.1 EARTHWORK

4.1.1 Site Preparation

The entire area to be occupied by the proposed construction should be stripped of
all vegetation, debris, rubble and obviously loose surface soils. This removal process will likely disturb
the underlying subgrade. After removal of the existing asphalt and aggregate base, the subgrade will
require fine grading and compaction prior to the placement of new ABC and asphalt. Additional subgrade
removal may be necessary to allow for a thicker structural section in some areas. The subgrade should be
compacted to at least 95 percent of maximum dry density per ASTM D-698.  The subgrade should be
proof rolled with a heavy rubber tired vehicle such as a loaded water truck to locate unstable areas per
MAG 301.

For foundations placed on engineered fill, over-excavation of the native soil is
required to allow for a minimum of 2.0 feet of low-expansive import material or native material
meeting the specification set forth in Table 4.1.2.1 of this report.  Over-excavation of the footings
should extend 5.0 feet beyond footing edges.  Over-excavation of rock, if encountered, is not necessary
provided that a minimum of 1.0 feet of engineered fill can be placed as a cushion between the rock and
foundations or concrete slabs.  A representative of the Geotechnical Engineer should examine the
subgrade once over-excavation is complete and prior to backfilling to ensure removal of deleterious
materials.

Anytime existing subgrade that has been covered with asphalt is opened up, and in
areas of fine grained soils it is not uncommon to find soft or loose, wet subgrade that will not stabilize or
achieve the compaction required. It should be noted that the subgrade soils were moist to wet at the time
of the investigation. Depending on site conditions during construction, it is anticipated that some subgrade
stabilization will be required. It is recommended to include a (time and materials) budget line to stabilize
soft, wet subgrade in the most cost effective method. Several options are available including allowing
time to dry out, removal and replacement with additional subbase (usually 2 feet of stockpiled asphalt
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millings is sufficient), cement treating (MAG Section 311), or the use of geogrid such as Tensar BX1200
or equivalent per 2014 MAG Section 796 Type 2 with an additional 12 inches of aggregate base. Due to
the number of means and methods available, potential for shallow utility conflicts, and other restrictions,
there is no one method that may work best. Once suspect areas are stabilized to the satisfaction of the
engineer, the ABC should then be installed.

If the use of geogrid is chosen for stabilization, there are some fine points of
installation that can be critical to a successful result. While there are many geotextile products available,
it is our experience that some provide better results than others when stabilization of soft subgrade soils
are concerned. If a geogrid stabilization option is selected, the use of Tensar Geogrid BX1200, or
equivalent polypropylene welded grid meeting 2014 MAG Section 796 Type 2 or ADOT 2008 Standard
Specification 1014-3 is recommended. The use of geogrid for subgrade stabilization is not meant to
increase the allowable ESAL’s for pavement design for this project. The geogrid should be placed
according to manufacturer’s recommendations, with appropriate overlaps along their sides and ends. With
the installation of geogrid for stabilization, a minimum of 12.0 inches of aggregate subbase course is
recommended on top of the geogrid. Depending upon the severity of the instability, additional thickness
of ABC, and filter fabric, may be required. With clayey/silty soils as subgrade beneath pavements, there
is potential for migration of the underlying finer grained soils to migrate into the aggregate base over
time. This potential is increased in areas of wet unstable subgrade and decreases the strength and stability
of the aggregate base.  With the use of geogrid for subgrade stabilization purposes, consideration should
also be given to utilizing a geotextile non-woven filter fabric at the interface of the aggregate base and
the subgrade to attempt to limit this migration. If utilized, the filter fabric should be placed below the
geogrid (not above) so that it does not interfere with the interlock of the aggregate with the geogrid. The
ABC should be moisture conditioned to optimum moisture content, ±2 percent prior to its placement on
the geogrid. It is critical that the ABC is not moisture-conditioned in place, as any excess moisture
may saturate the underlying subgrade and further decrease the stability of the clayey subgrade
soils. The aggregate base course material should be placed in a 12 inch lift and compacted to 95 percent
of its maximum dry density, as determined by ASTM D698. The first 12-inch lift should be placed full
thickness prior to operating equipment over the geogrid.  Native soil should not be used as fill above
the geogrid. It is critical to provide and maintain positive drainage within the ABC material in
order to minimize the potential for moisture infiltration and subsequent saturation of the
underlying subgrade soils.

4.1.2 Fill and Backfill

Native soils are suitable for use in grading, utility trench, and roadway fills.  Native
soils should not be used as retaining wall backfill due to its expansive potential. It may be possible to
selectively stockpile some of the native material for reuse as retaining wall backfill, provided the material
meets the specifications set forth below. Oversized material (> 3 inches) should be removed or reduced
in size.  Imported fill material should generally meet the following specifications:
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Fill Specifications

Specification General Fill
Passing 3”/75mm 100%

Passing #200/0.075mm Ò60%
Liquid Limit <30%

Plasticity Index <10%
Swell1 <1.5

Notes:
1. Swell potential when compacted to 95 percent of maximum dry density (ASTM D-698) at a moisture content of 2

percent below optimum, confined under a 100 psf surcharge, and inundated.

Although “clean” cinders often times meet our fill specifications, they may pose
difficulties during construction.  Due to their granular nature and lack of sufficient fines, “clean” cinders
are a free draining material.  As a result, they may be difficult to properly moisture condition and water
may infiltrate the cinders and saturate the underlying soils.  This could result in an unstable support for
roadways.  Excess water, as a result of moisture conditioning, is often observed at the interface between
the fill and underlying less permeable material.  This often results in free water accumulating in
foundation excavations prior to the placement of concrete.  Free water and loose saturated soils would
need to be removed prior to placement of concrete.  “Clean” cinders also pose difficulties in trenching
operations due to the inability to excavate neat trenches.  With the lack of fines and cohesive soils, the
clean cinders generally slough and vertical walls are hard to maintain.  If a cinder based product is used
for import fill, consideration should be given to a “dirty” cinder product that meets the fill criteria set
forth above.

Imported common fill for use in site grading should be examined by a Soils
Engineer to ensure that it is of low swell potential and free of organic or otherwise deleterious material.
Fill should be placed on subgrade which has been properly prepared and approved by a Soils Engineer.
Fill must be wetted and thoroughly mixed to achieve optimum moisture content, ±2 percent.  Granular
fill (ASTM Classification GW, GP, SW, SP) can be placed on the dry side of optimum at the discretion
of the geotechnical engineer on record.

Fill should be placed in horizontal lifts of 8-inch thickness (or as dictated by
compaction equipment) and compacted to the percent of maximum dry density per ASTM D-698 as set
forth below. Frozen material shall not be placed, nor shall fill be placed upon frozen grade.
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Compaction Specifications

Retaining Wall Foundations/Backfill
Native/Import Fill 95%

Pavement Subgrade/Fill
Native/Import Fill 95%

Utility Trench Backfill
> 2.0' Below Finish Subgrade 95%
Within 2.0' of Finish Subgrade (non-granular) 95%
Within 2.0' of Finish Subgrade (granular) 100%

Aggregate Base Course
Below Concrete Slabs 95%
Below Asphalt Paving 100%

Landscaped Areas
Miscellaneous fill 90%
Utility Trench - > 1.0’ Below Finished Grade 85%
Utility Trench - < 1.0’ Below Finished Grade 90%

4.2 FOUNDATION DESIGN

4.2.1 Shallow Foundations

The following bearing capacities can be utilized for design:

Foundation Bearing Capacities

Structure Foundation
Type

Foundation
Depth(1) Bearing Medium Bearing Capacity

Retaining
Wall Spread 2.5 ft. 2.0’ Engineered Fill 1,500 psf

Notes:
1. Foundation depth refers to the bottom of footing elevation from the lowest exterior grade within

5.0 feet of the foundation element. Interior footing bottoms may be reduced to 1.5 feet below
bottom of slab elevation. All capacities are based on bearing media. Amount of engineered fill
indicated is considered a minimum.

These bearing capacities refer to the total of all loads, dead and live, and are a net
pressure. They may be increased one-third for wind, seismic or other loads of short duration. All footing
excavations should be level and cleaned of all loose or disturbed materials. Positive drainage away from
the proposed buildings must be maintained at all times.
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Continuous masonry wall footings and isolated rectangular footings should be
designed with minimum widths of 16 and 24 inches respectively, regardless of the resultant bearing
pressure. Lightly loaded interior partitions (less than 800 plf) may be supported on reinforced thickened
slab sections (minimum 12 inches of bearing width).

Estimated settlements under design loads for foundations bearing on engineered
fill are on the order of ½ to ¾ inch, virtually all of which will occur during construction. Post-construction
differential settlements will be negligible, under existing and compacted moisture contents.  Additional
localized settlements of the same magnitude could occur if native supporting soils were to experience a
significant increase in moisture content.  Settlements for foundations placed on basalt bedrock will be
negligible.  As indicated in Section 4.1.2 Site Drainage, positive drainage away from structures, and
controlled routing of roof runoff should be provided to prevent ponding adjacent to perimeter walls.
Caution must be used when considering planters requiring heavy watering. Care should be taken in design
and construction to insure that domestic and interior storm drain water is contained to prevent seepage.

Continuous footings and stem wall s should be reinforced to distribute stresses
arising from small differential movements, and long walls should be provided with control joints to
accommodate these movements.  Reinforcement and control joins are suggested to allow slight movement
and prevent minor floor slab cracking.

4.3 LATERAL PRESSURES

The following lateral pressure values may be utilized for the proposed construction:

4.3.1 Lateral Pressures

Active Pressure
Unrestrained Walls 35 pcf

At-Rest Pressure
Restrained Walls 60 pcf

Passive Pressures
Continuous Footings 250 pcf
Spread Footings or Drilled Piers 300 pcf

Coefficient of Friction
With Passive Pressure 0.35
Without Passive Pressure 0.45
Clean Bedrock 0.60

All backfill must be compacted to not less than 95 percent (ASTM D-698) to mobilize
these passive values at low strain. Expansive native soils should not be used as retaining wall backfill,
except as a surface seal to limit infiltration of storm/irrigation water. The expansive pressures could
greatly increase active pressures. The exposed rock cut must be cleaned of all loose debris by high
pressure air or water to take advantage of the higher coefficient of friction.
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4.4 UTILITY INSTALLATION

Trench excavations for utilities can be accomplished by conventional trenching
equipment. Trench walls should stand near-vertically for the short periods of time required to install
utilities.  Sloughing of trench walls should be expected as soils dry out.  If trenches are greater than
shoulder-height, precautions must be taken to protect workmen. All trenches should be in accordance
with OSHA Excavation Standard 1926 Subpart P.

Pipe bedding and shading should be per M.A.G. Specification Section 601.4 (and any City
of Flagstaff/Coconino County modifications). Backfill of trenches above bedding zones may be carried
out with native excavated material provided material greater than 8 inches is broken down or removed.
Material used for backfill of trenches should be moisture-conditioned, placed in 8 inch lifts and
mechanically compacted. Water settling is not recommended. Compaction requirements are summarized
in Section 4.1.3 Fill and Backfill of this report.

4.5 PAVEMENT

It must be noted that all new asphalt pavements will eventually crack. Cracking in asphalt
pavement is typical and should be expected over the life of the pavement. In fact, it has been our
experience of late that the new asphalt binders that are available, we are seeing the onset or earlier aging
and block shrinkage cracking. These require routine maintenance to prevent accelerated deterioration.
Accordingly, it is highly recommended to establish a maintenance program where the cracks are routinely
filled as they appear beginning at about the second year of life. It is also recommended that surface fog
seal coats be considered beginning at about year 5 and every 5 years after. This will help preserve the
pavements, extending the service life.

If earthwork in paved areas is carried out to finish subgrade elevation as set forth herein,
the subgrade will provide adequate support for pavements. The section capacity is reported as daily
ESALs, Equivalent 18 kip Single Axle Loads. Typical heavy trucks impart 1.0 to 2.5 ESALs per truck
depending on load. It takes approximately 1200 passenger cars to impart 1 ESAL. It should be noted that
a bus route utilizes N. Kaspar Dr. on a regular basis.  The designer/owner should choose the appropriate
sections to meet the anticipated traffic volume and life expectancy.

https://www.osha.gov/laws-regs/regulations/standardnumber/1926/1926SubpartP
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4.5.1 Pavement Sections

Area of Placement

AC Pavement (Flexible) PCC Pavement (Rigid)2

Thickness Daily/Total 18-
kip ESALs

Thickness Daily/Total
18-kip
ESALsAC AB PCCP

Driveways/Kaspar Dr. 5.0" 8.0" 250/1,800,000 6.0" 23/166,858

Driveways/Kaspar Dr. 5.0” 10.0” 400/2,929,000

Heavy Duty Driveways/ Rt. 66/US
Highway 89 6.0” 10.0” 880/6,400,800 8.0” 110/790,600

Rt. 66/US Highway 89 6.0” 12.0” 1330/9,716,000

Rt. 66/US Highway 89 7.0” 12.0” 2,650/19,347,000

Notes:

1. Designs are based on AASHTO design equations and ADOT correlated R-Values.

2. The PCCP thickness is increased to provide better load transfer, and reduce potential for joint & edge failures. Design
PCCP per ACI 330R-87.

Pavement Design Parameters:
Assume: One 18 kip Equivalent Single Axle Load (ESAL)/Truck
Life: 20 years

Subgrade Soil Profile:
Average % Passing #200 sieve: 45%
Plasticity Index: 9%
k: 150 pci (assumed)
R value: 41.1 (per ADOT tables)
MR: 11,900 (per AASHTO design)

These pavement sections assume that all subgrades are prepared in accordance with the
recommendations contained in the “Site Preparation” and “Fill and Backfill” sections of this report, and
paving operations carried out in a proper manner. If pavement subgrade preparation is not carried out
immediately prior to paving, the entire area should be proof-rolled at that time with a heavy pneumatic-
tired roller to identify locally unstable areas for repair. Site drainage should be designed to ensure positive
drainage of the base and sub base materials. Improper grading of sub base materials will drastically reduce
the overall life of the pavement.

Pavement base course material should be aggregate base per M.A.G. Section 702
Specifications. Asphalt concrete materials and mix design should conform to M.A.G. 710 (and any City



Geotechnical Investigation Project No. 200457SF
Kaspar Dr. and Route 66 Intersection Improvements November 4, 2020– Page 12

of Flagstaff/Coconino County modifications) using the Marshall mix design criteria and PG 58-28 for the
asphalt grade. Reducing the air void content to 3 percent will aid in reducing thermal cracking typical in
the area. It is recommended that a 12.5mm or 19.0mm mix designation be used for the pavements. While
a 19.0mm mix may have a somewhat rougher texture, it offers more stability and resistance to scuffing,
particularly in truck turning areas. Pavement installation should be carried out under applicable portions
of M.A.G. Section 321 and municipality standards. The asphalt supplier should be informed of the
pavement use and required to provide a mix that will provide stability and be aesthetically acceptable.
Some of the newer M.A.G. mixes are very coarse and could cause placing and finish problems. A mix
design should be submitted for review to determine if it will be acceptable for the intended use.

Portland Cement Concrete Pavement must have a minimum 28-day flexural strength 550
psi (compressive strength of approximately 3,700 psi). It may be cast directly on the prepared subgrade
with proper compaction (reduced) and the elevated moisture content as recommended in the report.
Lacking an aggregate base course, attention must be paid to using low slump concrete and proper curing,
especially on the thinner sections. No reinforcing is necessary. Joint design and spacing should be in
accordance with ACI recommendations. Construction joints should contain dowels or be tongue and
grooved to provide load transfer. Tie bars are recommended on the joints adjacent to unsupported edges.
Maximum joint spacing in feet should not exceed 2 to 3 times the thickness in inches. Joint sealing with
a quality silicone sealer is recommended to prevent water from entering the subgrade allowing pumping
and loss of support.

Proper subgrade preparation and joint sealing will reduce (but not eliminate) the potential
for slab movements (thus cracking) on the expansive native soils. Frequent jointing will reduce
uncontrolled cracking and increase the efficiency of aggregate interlock joint transfer.

4.6 CORROSION PROTECTION

Laboratory testing of the native soils indicate a pH of 7.1 and resistivity values on the
order of 2549 ohm-cm.  Chloride concentrations were on the order of 106 ppm, with sulfate
concentrations being on the order of 18 ppm.  These results indicate mild levels of corrosivity to buried
metal utilities, and moderate to high levels of corrosivity to buried concrete structures.  Subsurface
concrete should use Type I or II cement, which is readily available and widely used in the area.

4.7 PREVENTATIVE MAINTENANCE PLAN

In order to achieve an extended life in the pavement it is highly recommended that a
maintenance plan be constructed to address the aging process of the pavement.  It has been well
documented that proper pavement maintenance will prolong the life of the pavement at a lower cost than
letting the pavement age with no maintenance.  Figure 3.7.1 shows through the Pavement Condition Index
(PCI), a typical visual condition scale ranging from 0 (failed) to 100 (new), how spending money on
pavement preservation at the correct time will be a significantly more cost effective means for extending
the life of the pavement.  As long as the pavement remains in a fair to excellent state, the cost of pavement
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preservation is relatively small.   However, as the pavement deteriorates, the pavement life becomes
significantly shorter and there is a change from preservation to rehabilitation, and reconstruction.

A well-formed maintenance plan should include budgeting for crack sealing on an annual
basis beginning the 2nd or 3rd year, and resealing every 4 to 5 years after. Budget estimates should assume
that approximately 25 percent of the pavement areas will need isolated crack sealing every year. It is also
recommended that surface fog seal coats be considered about year 5 and every 5 years after. This will
help preserve the pavement surface as well as minimize the effects from moisture infiltration.  Depending
on the progression of the aging, more costly surface treatments such as thin overlays or slurry seals should
be anticipated at the 15 to 20 year point of the pavements life.

Figure 4.6.1 - Life Cycle Cost Analysis

It is recommended that an initial PCI (Pavement Condition Index) survey be completed
on all new pavements at around 4 years old, at which time the pavement should start showing signs of
aging.  The pavement condition survey will allow for better prediction modeling, permit planning of
maintenance and operations, and maximize the life of the roadway.  PCI surveys should be conducted
every 3 to 5 years to determine progression of aging.  A 10 year maintenance plan can be created with
each one of these surveys to help for budgeting over a 10 year period.
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5.0 CONCLUSION

The scope of this investigation and report includes only regional published considerations for
seismic activity and ground fissures resulting from subsidence due to groundwater withdrawal, not any
site specific studies. The scope does not include any considerations of hazardous releases or toxic
contamination of any type.

Our analysis of data and the recommendations presented herein are based on the assumption that
soil conditions do not vary significantly from those found at specific sample locations. Our work has been
performed in accordance with generally accepted engineering principles and practice; this warranty is in
lieu of all other warranties expressed or implied.

We recommend that a representative of the Geotechnical Engineer observe and test the earthwork
and foundation portions of this project to ensure compliance to project specifications and the field
applicability of subsurface conditions which are the basis of the recommendations presented in this report.
If any significant changes are made in the scope of work or type of construction that was assumed in this
report, we must review such revised conditions to confirm our findings if the conclusions and
recommendations presented herein are to apply.

Respectfully submitted,

SPEEDIE & ASSOCIATES, INC.

Garrett J. Chott, E.I.T.

Gregg A. Creaser, P.E.
11/4

/202
0
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SOIL BORING LOCATION PLAN

SOIL LEGEND

LOG OF TEST BORINGS

TABULATION OF TEST DATA

CORROSIVE TEST DATA

LOG OF ASPHALT CORES
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SOIL LEGEND 
SAMPLE 

DESIGNATION DESCRIPTION 

 AS Auger Sample A grab sample taken directly from auger flights. 

   BS Large Bulk Samp le A grab sample taken from auger spoils or from bucket of backhoe. 

  
 

S 

 

Spoon Sample 

Standard Penetration Test (ASTM D-1586) Driving a 2.0 inch outside diameter split 
spoon sampler into undisturbed soil for three successive 6-inch increments by 
means of a 140 lb. weight free falling through a distance of 30 inches.  The 
cumulative number of blows for the final 12 inches of penetration is the Standard 
Penetration Resistance. 

  
RS 

 
Ring Sample 

Driving a 3.0 inch outside diameter spoon equipped with a series of 2.42-inch inside 
diameter, 1-inch long brass rings, into undisturbed soil for one 12-inch increment by 
the same means of the Spoon Sample.  The blows required for the 12 inches of 
penetration are recorded. 

  
LS 

 
Liner Sample 

Standard Penetration Test driving a 2.0-inch outside diameter split spoon equipped 
with two 3-inch long, 3/8-inch inside diameter brass liners, separated by a 1-inch 
long spacer, into undisturbed soil by the same means of the Spoon Sample. 

 
ST Shelby Tube 

A 3.0-inch outside diameter thin-walled tube continuously pushed into the 
undisturbed soil by a rapid motion, without impact or twisting (ASTM D-1587). 

  
-- 

Continuous 
Penetration 
Resistance 

Driving a 2.0-inch outside diameter "Bullnose Penetrometer" continuously into 
undisturbed soil by the same means of the spoon sample. The blows for each 
successive 12-inch increment are recorded. 

 

CONSISTENCY RELATIVE DENSITY 

Clays & Silts Blows/Foot Strength (tons/sq ft) Sands & Gravels Blows/Foot 
Very Soft 0 - 2 0 - 0.25 Very Loose 0 - 4 

Soft 2 - 4 0.25 - 0.5 Loose 5 - 10 
Firm 5 - 8 0.5 - 1.0 Medium Dense 11 - 30 
Stiff 9 - 15 1 - 2 Dense 31 - 50 

Very Stiff 16 - 30 2 - 4 Very Dense > 50 
Hard > 30 > 4 

 

 
MATERIAL 

SIZE 

PARTICLE SIZE 
Lower Limit Upper Limit 

mm Sieve Size mm Sieve Size 

SANDS  
0.075 

 
#200 

 
0.42 

 
#40 Fine 

Medium 0.420 #40 2.00 #10 
Coarse 2.000 #10 4.75 #4 

GRAVELS 
 

4.75 

 

#4 
 

19 

 

0.75" Fine 
Coarse 19 0.75" 75 3" 

COBBLES 75 3" 300 12" 

BOULDERS 300 12" 900 36" 

U.S. Standard Clear Square Openings 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE: DUAL OR MODIFIED SYMBOLS MAY BE USED TO INDICATE BORDERLINE SOIL 
CLASSIFICATIONS OR TO PROVIDE A BETTER GRAPHICAL PRESENTATION OF THE SOIL 
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MAJOR DIVISIONS 
SYMBOLS TYPICAL 

DESCRIPTIONS GRAPH LETTER 
 
 
 
 
 
 
 
 

COARSE 
GRAINED 

SOILS 
 
 
 
 
 
 

MORE THAN 50% OF 
MATERIAL IS 
LARGER THAN NO. 
200 SIEVE SIZE 

 
 

GRAVEL 
AND 

GRAVELLY 
SOILS 

 
 
 
MORE THAN 50% OF 
COARSE FRACTION 
RETAINED ON NO. 4 
SIEVE 

 
CLEAN 

GRAVELS 
 

(LITTLE OR NO FINES) 

GW 
 

GP 

WELL-GRADED GRAVELS, GRAVEL - 
SAND MIXTURES, LITTLE OR NO FINES 

 

 
POORLY-GRADED GRAVELS, GRAVEL 
- SAND MIXTURES, LITTLE OR NO 
FINES 

 
GRAVELS WITH 

FINES 
 
(APPRECIABLE AMOUNT 

OF FINES) 

GM 
 

GC 

 
SILTY GRAVELS, GRAVEL - SAND - 
SILT MIXTURES 

 

 
CLAYEY GRAVELS, GRAVEL - SAND - 
CLAY MIXTURES 

 
 
 

SAND 
AND 

SANDY 
SOILS 

 
 
MORE THAN 50% OF 
COARSE FRACTION 
PASSING ON NO. 4 
SIEVE 

 
 

CLEAN SANDS 
 

(LITTLE OR NO FINES) 

SW 
 

WELL-GRADED SANDS, GRAVELLY 
SANDS, LITTLE OR NO FINES 

SP 
 

POORLY-GRADED SANDS, GRAVELLY 
SAND, LITTLE OR NO FINES 

 
SANDS WITH 

FINES 
 
(APPRECIABLE AMOUNT 

OF FINES) 

SM 
 

SILTY SANDS, SAND - SILT MIXTURES 

SC 
 

CLAYEY SANDS, SAND - CLAY 
MIXTURES 

 
 
 
 
 

FINE 
GRAINED 

SOILS 
 
 
 
 
MORE THAN 50% OF 
MATERIAL IS 
SMALLER THAN NO. 
200 SIEVE SIZE 

 
 
 
 

SILTS 
AND  LIQUID LIMIT 

LESS THAN 50 
CLAYS 

ML 
INORGANIC SILTS AND VERY FINE 
SANDS, ROCK FLOUR, SILTY OR 
CLAYEY FINE SANDS OR CLAYEY 
SILTS WITH SLIGHT PLASTICITY 

CL 
INORGANIC CLAYS OF LOW TO 
MEDIUM PLASTICITY, GRAVELLY 
CLAYS, SANDY CLAYS, SILTY CLAYS, 
LEAN CLAYS 

OL 
 

ORGANIC SILTS AND ORGANIC SILTY 
CLAYS OF LOW PLASTICITY 

 
 
 
 

SILTS 
AND  LIQUID LIMIT 

GREATER THAN 50 
CLAYS 

MH 
INORGANIC SILTS, MICACEOUS OR 
DIATOMACEOUS FINE SAND OR SILTY 
SOILS 

CH 
 

INORGANIC CLAYS OF HIGH 
PLASTICITY 

OH 
 

ORGANIC CLAYS OF MEDIUM TO HIGH 
PLASTICITY, ORGANIC SILTS 

 
HIGHLY ORGANIC SOILS PT 

 
PEAT, HUMUS, SWAMP SOILS WITH 
HIGH ORGANIC CONTENTS 

   

   

P
lasticity Index 

           

    B
-Line

  
CH     

    

ne       

   
CL      

MH & 
 
OH   

           

    

ML 
 

& OL       CL-ML     
 



2.25 INCHES ASPHALT ON 8.5 INCHES
PCCP ON 11 INCHES AGGREGATE
BASE

Very Dense Dark Brown SILTY CLAYEY
SAND (SC/SM-Moist) with Trace Gravel

Hard Drilling from 7.0'-9.0'

End of Boring

4.0

5.0

6.5

10.0

11.5

1.8

11.5

S-1

AS-2

S-3

AS-4

S-5

53/12"

55/12"

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

0

5

10

Resilient Drilling
B. Anderson

Date

Boring Date:

CME-75

200457SF

N/A

NT = Not Tested

G. Chott

Boring Type:

3-20-20

Contractor:

Field Engineer/Technician:

Hour

Rig Type:

Surface Elevation:

Water Level

50

Kaspar Dr. and Rt. 66 Intersection Improvements

D
ep

th
of

S
am

pl
e

N
at

ur
al

W
at

er
C

on
te

nt
 (

%
)

In
-p

la
ce

D
ry

 D
en

si
ty

(P
.C

.F
.)Hollow Stem Auger

Boring Date:

Resistance
Penetration

Project No.:

Kaspar Dr. and Rt. 66

Free Water was Not Encountered

BlowsS
am

pl
e

Driller:

N
um

be
r

25

Flagstaff, Arizona

Visual Classification 0

per Foot

D
ep

th
 (

fe
et

)

G
ra

ph
ic

Lo
g

B-1Log of Test Boring Number:

Depth

_S
P

E
E

D
IE

  2
00

45
7S

F
.G

P
J 

 G
E

N
G

E
O

.G
D

T
  5

/1
1/

20



2.25 INCHES ASPHALT ON 13.75 INCHES
PCCP ON 4 INCHES AGGREGATE
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Stiff Brown SANDY LEAN CLAY (CL-Moist)
with Trace Gravel

Medium Dense Brown SILTY SAND
(SM-Moist) with Trace Gravel
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6.25 INCHES ASPHALT ON 18 INCHES
CINDER BASED AGGREGATE BASE

Loose Dark Brown SILTY SAND (SM-Moist)
with Trace Gravel

Soft Brown SANDY LEAN CLAY (CL-Moist)
with Trace Gravel

Stiff from 6.5'-11.5'

Hard Drilling from 7.0'-9.0'

End of Boring
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